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Evaluacion de biomasa de arboles de durazno cultivados 
en Los Andes ecuatorianos 


Abstract 

This work focused on the evaluation of four essential aspects of biomass based on peach 
trees grown in the Andean region of Ecuador. In one case, mathematical models have 
been developed allowing the amount of lignocellulosic material to be quantified from 
easily measurable parameters such as crown diameter, stem diameter and plant height. 
Performing quick surveys, these equations led to obtain the amount of biomass contained 
in a plot. In a second case, elemental analysis of biomass was performed in order to 
determine the amount of CO, captured from the atmosphere through photosynthesis 
during its growth, and thus to assess the contribution of these plots in mitigating climate 
change. Afterwards, residual biomass from pruning was quantified and a proximal analysis 
was carried out. This allowed us to assess the suitability of these materials as solid biofuels. 
The models obtained to determine the volume of the branches gave determination 
coefficients of 0.98. Models to quantify the biomass of the whole plant had r? of 70%. The 
density of the dried material was 0.92 g/cm’, obtaining an average dry wood weight of 
44.8 kg per plant. This represents a content of 1682 moles of captured CO, of a developed 
plant crop (3 years). The average ash on dry wood was 3%, fixed carbon content on dry 
wood was 7%, and volatile content dry wood was 78%. The moisture content of waste 
materials after pruning was 45.96%. The drying time in store for humidity below 10%, 
suitable for burning boiler, was 15 days. The higher heating value of peach wood was 
18.92MJ/kg. 


Keywords: bioenergy, dendrometry, allometric functions, renewable energy 


Resumen 

Este trabajo se centrdé en la evaluacidn de cuatro aspectos esenciales de la biomasa 
de arboles de durazno cultivados en la regién andina del Ecuador. En un caso, se han 
desarrollado modelos matematicos que permiten cuantificar la cantidad de material 
lignoceluldsico a partir de parametros facilmente medibles como el diametro de la copa, 
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el didmetro del tallo y la altura de la planta. Realizando levantamientos rapidos, estas 
ecuaciones permitieron obtener la cantidad de biomasa contenida en una parcela. En un 
segundo caso, se realizd un andlisis elemental de la biomasa para determinar la cantidad 
de CO, capturado de la atmosfera a través de la fotosintesis durante su crecimiento, y 
asf evaluar la contribucién de estas parcelas en la mitigacidn del cambio climatico. 
Posteriormente se cuantificd la biomasa residual de la poda y se realiz6 un analisis proximal. 
Esto nos permitid evaluar la idoneidad de estos materiales como biocombustibles sdlidos. 
Los modelos obtenidos para determinar el volumen de las ramas arrojaron coeficientes de 
determinacion de 0,98. Los modelos para cuantificar la biornasa de toda la planta tenian 
un r del 70 %. La densidad del material seco fue de 0,92 g/cm?, obteniendo un peso 
promedio de madera seca por planta de 44,8 kg. Esto representa un contenido de 1682 
moles de CO, capturado de un cultivo vegetal desarrollado (3 afios). La ceniza promedio 
en la madera seca fue del 3 %, el contenido de carbono fijo en la madera seca fue del 7 % 
y el contenido de volatiles en la madera seca fue del 78 %. El contenido de humedad de 
los materiales de desecho después de la poda fue del 45,96 %. El tiempo de secado en 
almacenamiento para humedad inferior al 10 %, apto para caldera de combustidn, fue de 
15 dias. El poder calorifico superior de la madera de durazno fue de 18,92 MJ/kg. 


Palabras clave: bioenergia, dendrometria, funciones alométricas, energias renovables 


INTRODUCTION 


Recently, several studies have demonstrated the importance of being able to quickly 
identify the amount of biomass contained in agricultural species and their characteristics 
1,2]. The total amount of lignocellulosic biomass is related to parameters such as the 
residue production and the need of fertilizer inputs or pesticides. The development of 
simple field methods for the quantification of biomass is a scientific challenge because 
it allows us not only to obtain indirectly related agronomic parameters, but also to study 
he relation of remote sensing and the development of extended management models 
3 A]. Therefore, it breaks new view in agricultural science. 


Traditionally, dendrometric methods for quantification of lignocellulosic biomass of 
rees have been developed in forestry. However, few studies have been conducted 
in agricultural, urban or shrub species. Velazquez et al. [5] developed methods for 
dendrometric analysis of the biomass of five types of Mediterranean shrubs: Rosmarinus 
officinalis, Quercus coccifera, Cistus albidus, Ulex parviflorum, Erica multiflora. Callejon et 
al. [6] examined the potential of various residues of horticultural crops cultivated in 
greenhouses. In 2013 Velazquez et al. [7] worked in fruit trees, mainly olive and citrus. 
The dendrometric equations allow quick biomass surveys in plots of specific areas. 
From elemental biomass analysis, it allows us to calculate the amount of CO, captured 
from the atmosphere through photosynthesis during its growth, and thus to assess 
the contribution of these plots in mitigating climate change [8,9]. It also allows us to 
determine the absorption of N in order to optimize fertilization or in order to use this 
specie as green filter. 
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- The biomass quantification methods are based on the assumption of proportionality 
ll between different elements of the natural systems. Natural systems keep a proportionality 
avanges when balance is established at a steady state [7]. The different varieties of plants, diversity 
mene in climate and differentiated types of crop management obligate particularized studies 
for the different species in each ecosystem. The characteristics of Ecuadorian agricultural 
production systems, with permanently warm weather, makes peach plants not exhibit 
winter hibernation as it happens in Europe. The withering should be induced by chemical 
defoliants in this area, moments in which the pruning is practiced. These circumstances 
together with widely dispersed ownership structures, small size of farms and small 
planting area per tree require a specific analysis of this system. 


This work was focused on the evaluation of four essential aspects of the biomass based 
on peach crops grown in the Andean region of Ecuador. In one case, mathematical 
models have been developed allowing us to quantify the amount of lignocellulosic 
material of the plant from easily measurable parameters, such as crown diameter, stem 
diameter and plant height. In a second case, an elemental analysis of biomass has been 
carried out, which allows determining the amount of CO, captured from the atmosphere 
through photosynthesis during the plant growth, and thus to assess the contribution 
of these plots in mitigating climate change [9]. Subsequently, residual biomass from 
pruning has been quantified, and a proximal analysis has been performed: high heat 
value, moisture content, percentage of volatile matter, fixed carbon content and ash 
content. This allowed assessing the suitability of these materials as solid biofuels. 


Developing a suitable methodology to calculate volumes and total biomass contained 
in fruit trees from an adapted dendrometry laid the foundations for the use of this 
methodology as a tool to manage resources from the orchards, establishing adequate 
predicting models for assessing other parameter such as incomes in raw materials for the 
cultivation, fruit production, CO2 sink, and waste materials (residual wood) used for energy 
or industry. To develop the process of biomass quantification, it was necessary to perform 
systems of measurement, enabling to determine volumes of the analyzed trees. This is the 
first step for the implementation of logistics models for the biomass delivery chains, where 
the input is a network structure in which all relevant parameters should be included [1]. On 
the other hand, the methodology applied in this article allows us to relate the actual volume 
of fruit trees with data from remote sensing, such as LIDAR [10]. This is the next step in our 
investigation [4]. 


MATERIALS AND METHODS 

Study area 

These tests were conducted in two areas of the Ecuadorian Andes at the north of the 
country in the province of Imbabura, in the canton Pimampiro UTM X: 172965, Y: 44442 
(WGS 84), at 2400 AMSL, and in the central area, in the province of Tungurahua, canton 
Cevallos UTM X: -1366901, Y: -78606775 at 2850 AMSL. 


These two locations allowed us to test and validate the quantization models obtained. 
Imbabura is characterized by an average temperature of 14.5 °C and rainfall of 1100 mm/ 
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year. Tungurahua is characterized by an average temperature of 12.85 °C and annual 
rainfall of 650 mm/year. 


Dendrometric analysis of branches 


Dendrometric analysis was carried out to ease the measure of the volume of the 
branches. To reach this goal, two approaches were undertaken: first, through the 
determining form factors, and then by obtaining regression functions. 


Form factor is defined by equation (1) as the ratio between the actual volume of the 
branch and a volume of revolution, with models such as cylinder, paraboloid, cone 
or neiloid taken as reference [11]. In principle the morphic coefficient is a parameter 
characteristic of the species and diameter class. However, for each of the determinations 
there was a statistical variability, where the average and the dispersion were determined. 
As observed, the form factor (f) allows determining the volume of any structure by 
measuring the basal diameter and length. 


Fis Actual volume of the plant structure (1) 


Geometric volume model 


Thirty branches of 60 trees were sampled in each studied area. In each branch, the 
diameter was measured every 10 cm. The actual volume of each portion of 10 cm 
length was calculated using equation (2) which is the truncated cone formula. The 
whole volume was calculated as the sum of each portion between two sections, using 
equation (3). The calculation model of branch volume was performed by applying 
formula (4) from the base diameter (d) and length (L) of the branch. 


Vi= pom ch- (RP +r? + Ror) (2) 
V caich a >, V (3) 
1 
xa 
Vvoosn =k — “L (4) 


Where R is the radius of the largest section, ris the radius of the smallest section, V, is the 
volume of a portion of the branch, V,__, is the actual volume of the branch, V,,,,., is the 
volume of revolution, k=1 for the cylinder, k=1/2 for the paraboloid, k=1/3 for the cone, 


k=1/4 for the neiloid, d is the diameter of the base, and L is the length of the branch. 
Models to quantify whole wood biomass of the tree 
To calculate the volume of wood biomass in the whole plant, two methods were also 


developed. First, occupation factor was analyzed, and second, regression models were 
developed for predicting the volume from crown diameter, stem diameter and plant height. 
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Occupation factor is defined by equation (5) as the ratio between the actual volume 
of all branches of the peach tree and apparent volume of the crown obtained as a 
volume of revolution from crown diameter and height from the base to the apex. Semi- 
ellipse, cylinder, paraboloid and cone were analyzed as models, which contain both the 
branches as the gaps between them. 


Actual crown volume 


PO= 
Apparent model crown volume 


Measuring the actual volume of all peach plant branches was performed by layers 
(strata). In each layer the volume of the branches was measured according to the 
formula obtained in the previous dendrometric analysis. 


Pruning residues and collection 


Sixty trees were pruned in the different study areas and evaluated. Before pruning the 
stem diameter, crown diameter and tree height were taken. Subsequently, the trimming 
was carried out, which was based on removing branches to improve the light into the 
crown and to induce new sprouting. The branches affected with diseases were also 
thinned. Pruning and collection times were taken. The weight of cut branches were 
measured doing bundles and using a dynamometer or scale. Then branches were 
defoliated to determine the percentage of leaf mass and wood mass. Subsequently, 
regression models were carried out to relate the amount of residue and collection times 
from the sizes of the plant. 


Characterization of biomass 


The characterization of the biomass materials was conducted according to the standards 
of Table 1. 


Table 1. Standards used in the characterization of biomass 


Standard Title 


CEN/ S$ 14778-1 Solid biofuels - Sampling - Part 1: Sampling Methods 
CEN/TS 14779 Solid biofuels - sages eee a ca sampling plans and 
CEN/TS 14780 Solid biofuels - Methods for sample preparation 
EN 14774-2 Solid biofuels - Determination of moisture content - oven drying method. 
Part 2. Simplified Method: Total moisture 

EN 14918 Solid biofuels - Determination of calorific value 

EN 15148 Solid biofuels - Determination of volatile matter 

EN 14775 Solid biofuels - Determination of ash 


Solid biofuels - Determination of total carbon, hydrogen and nitrogen - 


CENTS TSI Instrumental Methods 
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Dendrometric analysis of branches 


First, a descriptive one-dimensional analysis of parameters measured in the sampled 
branches is presented in Table 2. This table includes the following statistics: mean, 
standard deviation, coefficients of skewness and kurtosis. As seen, the values of the 
coefficients of skewness and kurtosis were within the range (-2 , +2), asserting that the 
parameters follow a Gaussian distribution. 


Table 2. Statistical parameters in the studied branches 


Diameter — Length Volume Vee 
(cm) Can) Real (cm?) (cm?) 
Average 5.33 112.0 2139.38 2699.43 
Standard Deviation 1.02 20.9103 1107.68 IBSyi55 
Large | Coefficient of Variation 19.10% 18.66% 51.77% 50.29% 
ao Minimum 3.63 70.0 673.98 851.72 
and 2) Maximum 7.03 150.0 4368.82 5815.65 
Asymmetry coefficient 40)i13 =0.3il 0.96 ‘eit 
Coefficient of kurtosis -1.29 -0.68 -0.95 -0.77 
Average 0.70 38.83 15.20 21.91 
Standard Deviation 0.23 14.24 2.61 2.50 
Small Coefficient of Variation 42.44% 36.68% 17.17% 11.41% 
pees Minimum 0.33 10.0 a7 9,00 
and 4) Maximum |,22 65.0 24.02 36.36 
Asymmetry coefficient 0.68 -0.51 1.59 1.93 
Coefficient of kurtosis -142 -0.91 -0.70 0.25 
Table 3. Form factors for each of the geometric models studied 
fcylinder fparaboloid fcone f neiloid 
Large Average 0.79 1.57 2.36 3.15 
branches | std, Deviation 0.09 0.18 0.27 0.35 
Small Average 0.58 15 1.73 2.31 
branches | std, Deviation 0.12 0.14 0.36 0.48 


The goal of this section was to define the volume of a branch from its diameter and 
length, through both form factor and multiple regression equations. In Table 3 form factors 
obtained for the different models are provided. The model with form factor closer to 1 
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is the best that represents its shape. In large branches (strata 1 and 2) cylindrical model 
gave the form factor nearest to 1, with mean of 0.79, standard deviation of 0.09, and 
coefficient of variation of 11.39%. These results are acceptable for calculating the actual 
volume by equation (6), according to studies carried out in the forest area such as Zianis 
and Mencuccini [12] or Jiang et al. [13], where VR is the branch volume, D, is the basis 
diameter, L is the branch length and f is the form factor. In small branches the paraboloid 
model provides a volume that more closely resembles the actual volume of the branch, 
with a fmean of 1.5 and standard deviation of 0.24. The coefficient of variation was 12.17%. 


__ ™-Db? 


VR= 
4 


Lf (6) 


Four regression models are shown in Table 4: two allow calculating the actual volume of 
the branches, one provides the volume of the whole plant, and the other predicts the 
weight of the residual biomass from pruning. The explanatory variables had p-values 
less than 0.05 which give them significance greater than 95%. The coefficients of 
determination (1°) of the volume of branch equations are high, above 95%. This is the 
percentage of variability that explains the functions obtained. Moreover, the average 
error obtained in the application of such equations is 175.05 cm?in large branches 
and 1.39 cm? in small branches, the standard deviations being 58.38 cm? and 0.52 cm? 
respectively. Given that the average of large branches is 2139.38 cm? and 11 cm? small, 
the average error obtained does not exceed 8.20%. 


Table 4. Regression models 


Equation MAE S r p-value 
BV (cm?) = -17.51 + 0.63 -L-D? 175.05 58.38 95.89 <0.05 
BV, (cm?) =- 253+044-L-D p29) 0.52 96.31 <0.05 
Td?) = -2432.11 + 2174.82- H, -446.06 - He 746 9.78 70.01 <0.05 
~6.25-D-H, 
BW(kg) = -7.09 + 0.51 -Dt+0.88 - Byola. 0.77 Oso 76.02 <0.05 


Where MAE is the mean absolute error; SD is the standard deviation of the errors; ris the coefficient of determination; BV 
is branch volume (cm*); L is length (cm); D is diameter of the base of the branch (cm); TV is total plant volume (dm*); BW 
is weight of the pruned branches dry (kg); Dt is diameter of the tree stem (cm); Dc is diameter of tree top (m); and Ht is 
height of tree (m). 


Branch volume models used by researchers have similar or minor coefficients of 
determination, both in forest species [14] and fruit trees [7]. However, few models have 
been obtained in agricultural trees. 
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Models quantification in whole plant biomass 


The analysis of the distribution of biomass in the crown has been done by strata. 
The branches that arise from the trunk form the first layer. These branches are called 
primary branches. The branches that arise from the primary branches constitute the 
second stratum, called secondary branches. The branches that arise from the secondary 
branches constitute the third layer and are the tertiary branches, and so on. Table 5 
shows the average diameter, average length and average volume of branches that 
occupy each stratum. The volume occupied by the branches in the different layers 
was calculated from the application of the previously obtained volume functions. 
The volume of the branches of each stratum decreased, as expected. In Figure 1, the 
distribution of biomass within the crown is shown. As can be seen, most of the biomass 
is found in strata 1,2 and 3 (over 50%) and subsequently in stratum 4 of the plant where 
the branches are smaller, but in a larger number. 


Table 5. Mean parameters of peach branches in each stratum. 


Diameter of the base Length Branch Volume 
(Can)) (cm) (cm?) 
Stratum 1 6.61 50.71 1740.18 
Stratum 2 4.74 75.08 1324.86 
Stratum 3 3.1 60.2 454.37 
Stratum 4 21 214 74.12 
45 
40 
35 
30 
25 
= 2 
15 
10 
il 
0 
Stem Stratum 1 Stratum 2 Stratum 3 Stratum 4 


Figure 1. Distribution diagram of the biomass in different strata in the peach crown 
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in Table 6. The average volume of the woody part of the peach tree was 42.17 dm? and 


= 
| A statistical analysis of parameters measured in the trees was carried out. This is shown 


avances standard deviation 5.8 dm: (Table 6). 


Ingenierias 


Table 6. Summary statistics for the studied parameters of the whole plant. 


Coef. of 


Coef. of 


Average Std. Dev. kurtosis Asymmetry Max. Min. 
Actual volume of 
the whole plant 48762.3 5830.02 0.795 1.929 31885.5 | 7424.27 
(cm’) 
Apparent volume 
of the whole plant 
(cylindrical model) 6865.19 542.50 1.925 1.281 5), 3) 20.42 
(dm’) 
gia es 331 0.69 1.07 158 5.94 3.02 
Stem diameter (cm) 11.62 1.40 3.58 151 16.23 8.59 
Plant height (m) 3.03 0.25 0.17 -1.22 3.46 2.38 
Crown height to 
soil (cm) 0.17 0.06 -0.89 0.14 0.28 0.07 
Occupation Factor 9.06 1.50 0.397 1.129 11.29 4.95 
Residual dry 
biomass (kg) 5.04 253 0.79 1.46 (ans) 0.92 
Table 4 shows the prediction equation for the calculation of the volume of the whole 
plant from total height and stem diameter. This finding has great practical value, given 
that with its application, technicians can calculate the biomass of the whole plot and their 
respective relationships with agronomic and environmental (CO, fixation) parameters [14]. 
The determination coefficient obtained is acceptable, 70%. Values in this range are common 
in agricultural predictions where there is a huge influence of uncontrolled factors such 


as microclimate, nutrient availability, water, and management con 


a great variabili 
consider accep 


ity. Mean absolute error obtained 


which represen 


in the equation 


able as indicated in Table 6. The average volume i 
sa relative error of 15%. It is necessary to note tha 


ditions, which provide 
is 746 dm?, which we 
s 48.76 dm? per plant, 
volume equations for 


common timber species are higher because they only consider s 
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influenced by crown pruning [11,13,16]. 
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em, and they are not 


Finally, the mean value and standard deviation of the occupation factor (FO) are 9.06 
cm?/dm? and 1.50 cm?/dm%, respectively. This factor is the ratio of the actual volume of 
ignocellulosic material of the plant and its apparent volume. The apparent volume is a 
geometric model, generally cylinder, calculated from crown diameter and height. The 
volume of this theoretical cylinder is formed by the branches and the gaps between 
hem. FO values assume a conversion factor in order to obtain the actual volume from 
he calculation of the cylinder model volume. Similar values were obtained for citrus 
rees [17] and olive trees [18]. 
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Residues from pruning 


Correlation coefficients between the measured variables and the residual biomass 
are shown in Table 7. Correlation coefficients can vary between -1 and +1, measuring 


he strength of linear re 


be seen, the residual bio 
stem diameter and plan 
he available amount o 


ationship between variables. Negative values indicate inverse 


inear relationships; however, positive values indicate direct linear relationships. As can 


mass from pruning is positively related to the crown diameter, 
height. This means that when the size of the plant increases, 
f residual biomass is larger. However, it was found that the 


relationship between residual biomass and height from the crown to the soil was very 
ow, because the Pearson coefficient is close to 0. It can also be observed that the crown 
diameter and plant height were positively related to stem diameter. This means that 
when the stem is larger in the peach tree, the crown diameter and height is also greater. 
However, plant height was less influenced by the crown diameter because the Pearson 
coefficient had a relatively low value (0.19). 


Table 7. Analysis of the linear relationship between the variables through the Pearson coefficient. 


Residual 


dr Crown Stem Plant Crown 
rod Aik diameter diameter height helahe to 
(m) (cm) (m) soil (cm) 
(kg) 

Residual dry biomass (kg) 1 0.63 0.52 0.44 -0.07 
Crown diameter (m) ] 0.40 0.19 0.02 
Stem diameter (cm) ] 0.35 -0.09 

Plant height (m) 1 -0.02 

Crown height to soil (cm) 1 


Finally, a regression model to predict residual biomass obtainable from peach tree 
pruning was calculated from the dimensions of the plant, which is shown in Table 4. 
Coefficient of determination (r?) was 76%. This was not a very high value because of the 
high variability and uncontrolled factors. However, the absolute value of the errors of 
this equation is 0.77 kg and the deviation of the errors obtained by the equation is 0.99 
kg. These values are better than results obtained by Velazquez et al. [7] 


It is important to notice that in order to estimate the residual biomass of the plant, two 
approaches can be applied: average value of the residual biomass shown in Table 6, 
and the equation BWin Table 4 with R? = 0.77. Using the average, the available average 
residual biomass is 5.05 kg dry matter per tree. Assuming a planting area of 4 x 4 m?, this 
equates to 3.15 tonnes of dry matter per hectare. 


Average pruning time per tree was 3.35 min with standard deviation of 0.65 min. 


Collection time of the pruning residues per tree to do piles next to the tree was 2.36 min 
with standard deviation of 0.75 min. 
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Energy characterization 


In this section the physical parameters such as moisture content, density, percentage 
of volatiles, and ash of the lignocellulosic material in peach wood were analyzed. The 
average data and standard deviations are shown in Table 8. The higher heating value of 
peach wood is 18.9 MJ/kg. This is within the same range of energy wood [19], but it is 
higher than in the residues coming from horticultural crops [6]. The N content is lower 
than the limits established by the standard EN 14691-part 4 which fixes the conditions 
for chips used as biofuels (N<1%). 


Table 8. Mean and standard deviation of the physical parameters of lignocellulosic materials of peach trees. 


Averaade d De 
Moisture content % 45.96 8.56 
Ash % 5.01 ee 
Volatile material % 78.99 248 
Proximal analysis ; 
Fixed carbon % 16.00 0.25 
Humid density g/cm? 1.02 0.119 
Dry density g/cm? 0.92 0.273 
%C 45.21 125 
Elemental analysis %H Sull7/ 0.12 
%N 0.82 0.05 
Heat High value MJ/kg 18.92 1.28 
Note that the number of carbon atoms contained in the carbon dioxide molecule is 1. 


Therefore, the number of moles of CO, absorbed by the plant through photosynthesis 
is equal to the number of moles of carbon that exists in its structure. The percentage of 
carbon contained in the peach wood is 45% [19]. 


On the other hand, by multiplying the plant volume by its density (0.92 g/cm?) the mass 
is determined. By multiplying the mass of the plant by the percentage of its carbon 
content, the total carbon mass in the plant is obtained. Since the atomic weight of carbon 
is 12, dividing the weight of carbon contained in the plant by its atomic weight gives the 
number of existing carbon moles, equal to the number of moles of carbon dioxide. 


ote that the molecular weight of carbon dioxide is 44 g/mol CO,, (12 C + 32 O)). 
Therefore, it is possible to calculate the grams of CO, previously absorbed by the plant, 
fixed in the biomass that will later be released to the atmosphere with its combustion. 


Whereas the average volume per plant is 48762 cm’, the number of moles of CO, fixed 
by the crop during its growth is 48762 cm? x 0.92 g cm?x 0.45 g Cg biomass'/12 = 
1682 moles CO, which is equivalent to 77.38 kg of CO, per tree. The high volatile matter 
content suggests that this residue may have good aptitude for direct combustion in 
boiler or gasification processes. 
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CONCLUSIONS 


In this study the shape and volume of the branches of peach trees were characterized in 
each stratum. It has been shown that the stem shape and thicker branches of the plant, 
corresponding to stratum 1, fit well into a cylinder shape, while small branches fit better 
to a parabolic model. 


Methods have been developed to predict roughly the biomass contained in the 
whole plant. Calculated volume functions have high determination coefficients, so it is 
considered suitable for practical application in the process of quantification of biomass. 


Lignocellulosic plant biomass is distributed unevenly, with stratum 2 containing most of 
he plant biomass, 42%. Another 40% is distributed among strata 1 and 3, and only 12% 
of biomass is concentrated in the stem. 


From elemental and proximal characterization of waste materials, it can be concluded 
hat ash content is less than 1%, the volatile content is greater than 75%, carbon staining 
in the wood is around 45%, and the nitrogen content does not exceed 1% by weight. In 
summary, it can be considered 5.05 kg of dry matter per plant, available for bioenergy 
feedstocks, which is equivalent to 624 trees per hectare to 3.15 tons per hectare. 
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